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COl_'Al_l'I_J_ __3 AM) I_XS OF MICROBIALC(__TIO_

•: Th_ pz_ma_ objective of thls study w88 to dete_ue qusntltat_vely 8rid

, q_mlitstively the predce_nant types of microbial coutaminsttou occurring in
I

co_enttonal and 1_ fl_ clesn roo_. Gue horizont81 lmn_nar flow and

thru coaveatto_l industrial clean _ooms and three ope_ facto_ 8tees mrs

8elected for _erobioloK_r_sl tests. The results shoued that as the env£z_n-

msnt m_l perseus1 of a clean room _ere controlled in s more _asitive ummer

with _espe_t to _he reductioa of psz:t£eulate coatam_t£ou_ th_ levels of

__ _ 8u_fsr_ _icrobi_l _ta_laat8 _8_e _ed 8¢cordiu_y.

chief so_s of m_erobial ©outmn_atton u_z_ 8uo_tated with the density and

_ttvtty of ©le_ room personnel. Zn 8ddiC_o_, the vast .mJorit_ of _¢ro_

o_sa_L_ _seleted _ the intramural _r by air sm_plers were those t_l_ou_

to humm8 o

$_ltes on the £slIout aa4 _cmmlettoa of a/_ uieroo_pnim on

s_ess steel _urf_u should that although there vere no siKn_fic_nt differ-

eu_es in the 1_7e18 of mi¢_obf.sl ©ontsmination _no_8 the ¢onv_mtiom_l clean

:| _a_, the type of aicroorsanioa detected oa stainless steel :_rfs:_s ms

_tSte_ly _uJ s_n_tfi_eatly different o _z addi_Imt_ the"plateau pheuman_"

o_urre_ in _11 e_vi_umuts studied. It m soncluded _t the 8t_nle_e

steel strip umth_ for _ete_tin8 _bl_l _letioa o_ urfsces t_ effl¢iemt

and mitive in ultm-ele_m sublets and is the mo_t _e_ble and p=a_tt_l

_eho_ for umitori_ 81_obi81 eo_.m_b_i_ in i_tm'e el_s I00 clean _m

to be wed f_r the _m_bly o_ 8_e haz_lu8_ _ will be =te_llise_.
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The N_tioa_l _z_ut'_es _md Spm:e _h_stratLoa (NASA) _eq_tres

c_s fo_ t_£p_ vleble te_ut_181 orpnisas to Hers _st be less

one in teu thoummd. 8tuce dry hut is to be aployed as the ,,--_ms of

sterll_tl_, the p_abtll_7 of Obt_n_:8 a sterile spa_cs_8.f_: i: enhanced

si_!_tcen_ly if the level o_. _c_ob_l co_tma_nstiou is relatively l_ prio_

_o the heat c_eame_. In ac©ox,dm_e with this b_lc p_e_lse, it: is necesu_

_o aHe_le 8n4 _est q_a_ecr_t, =e_ul_ to be sterile, iu areas _here the

levels of _Lcz_bi_l ¢o_tand_t_o_ can be _intatued at an e_t_e_ely low level°

pl'Xmf_ objective oft h:_ study m to det:ezmXM qmmtitaCively and

quall-_ively the pz_lom_ant types of m_c_oblaL ¢on_minstiou found in con-

vou_onsl _udustrl_l ele_u roams and in clean ro_ _htch employ lamin_ air

_o_ to cen_rol pa_icula_ cout_mln_t_n. F:elimLuaz_ results of this s_udy

_e_e repo_ e_lie_ (1,2). Rowevew, in o_de_ to matata/n ©o_inu/ty, _m8

of the e_rlier 4_ a_e iacluded in th_s report.

_N_nt_ nrecedur_s.

F_: taluseS81 clea_ _8 and three 8eue_l mmufacturin8 _,_ees

Imml_'-_ in *__e _ctivlties in the _ ms m_e 8electe_ for

alc_obtolo8_el teete. _Luce the processes coaduct_ i_a these _ required

_1_ 1_7e18 of ew_._,ro:_ental =ontz_.lj the pz'ovistou for e_cludiu_ ©ontm-

lnm_s differed in _he thin m. Table 1 eoiatatn8 8 desc_pticq of the

phyolr._l and op_x_tt(_l clu'..:_terist:tcs of the four clean zoo.. _ _hs tbx_e

_eneml nmub_t_:ln8 _ &, C. and D _ere open _tory emrLz_umtSo
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conventional electronic c_q_nents _ere u_e_bled, ?ebeled, and packed for

shipment. No environmental control _s _equXre8 for these activities.

FIKures 1, 2, 3, and 4 illustrate _ general layout of each cle_

room and _£eate the 88mplLng siteso The persmmel and activities auoc_ted

_th clean _m B were transfez_ced to lm_ flov clean _om D after its ccq_-

St_JCtl_.

The det_Lle8 methods of s_r and surface s_llnS end the technique used

to emmerate the mm_er of mtcroo_eus which ac©usulate on stainless steel

m_.-faces have been de_l_ed prevLously (I,3,4)0 Zn each area st_dled, alr

s_ples were obtained durtnK full T_kius days _th slit ssmplers_ Surface

¢ontamtnat£o_ on bench tops was measured by the Kod_c plate technique ($).

The secuuulae.ion rates of _Lcroorp_ts_s on surfaces _e determined by exposin8
i

sterile eternises steel strips ¢1" x 2") to the intramural _r of the test a_ea

for a period of 21 _eeks. &t Ln_e_vals of 3 _ek8 the s_ps were _etu_ned

to t_e laboratory and the nusber of _encph£1Lc aerobic end anaerobic _t¢_orp_- _!

ls_ as well 8e _esoph_lic aerobic and _nserob_¢ 8pore_ vere dete_mLned. The

!

culture med_-.m used for all 88mplin3 _ns tryptlca_e _oy aS_. Cultures _sre I

incubated at 32° C for 72 ho_eo t
)

S_Inless steel str_ps _hlch _ere e_posed to the In_r_ral envi_oa_ent i

of the hor/_on_I lsnd_ flow clean _ _e_e _ in a _eatusr k_ el@an

bench. Also the etr.tps _e assayed at _kly ra_her than $ _sek tn_er_ale.

Culture plates _oa the air. eu_fnce, and s_ainleee ete_l str/p [
J

s_plLuss _e_e sale©ted at _ sad repruen_sttve mmbors of colo_Les m_e _.
¢

picked _d subcul_u_ed. _he culture _ _ er_/z_ md _bJec_ed to i

]_.ey_lL_ and Sou, Chi_8o_ IItL_Le.
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pe_lnen_ bioche_c_l _ests and t(;entl_ledo In _he cue o£ _©roo_gAnims

8ecumls_ln8 on ota_ess steel 8u_ceep 3r) to 40 ©olonies ve_e picked

ly _ter each 3o_ usr/pa_.od. ]In 811_ about lr600 cultu_s _e exaa_ed_

The si_ g_pl_qL resul_ in =lesa _ &, D: C, awl g are p_esented

in TaMes 2, 3, 6, end 5o It te evtd_t tba_. in az_a8 that did no_ requ£_e

s_-let em_u_n_al _1, such u ©lea, _ &, the Xevel of _able _8_t_¢les

1_ oub/_ foot _888_8_mt_811_ _he m _8 that of _lJ_nt corridors _r_ f_¢_o_

_e. __ £_ cleaa _ B: C, 8ud D the uumb_ of v_able partLcle8 per

cub_ _ _ere _£s_e_ly lo_er thaa £n the _o_o_trolled 8_ea_o The mmbe_

of p=_s(_m_t and _hei_ act£_£ty _a_Loence_ sl_£_cm_l_ the levels of con_s_

_t_on, as _ _ FI_ $ and 6. _heae_e_ pe_mnnel left the ares, the

le_l_ of viable ps_¢lee decked _¢ordinSlyo _St_re 5 81#o po_t_ out

•hat a definite l_el of _ ¢o_tm_atio_ exacted even in the absence

of pe_aonoel. _ht8 m tmu_ly not _be case i. clean zre_s B (1) o= C (Fipze 6),

_ablt 4 show _ba_ _ ¢1e_ _u C the le_eX of viable panicles tuere_d proo

8z_sLve_y the farther the mmpltn8 8£te m from-the la_£_ flo_ _k

benches. (Site A, B_ and E, respectively).

l_e effect of _oe clean_n8 oper_tio_ o_ tim level of al_me co_-

l_ llluet_a_ad in Fi$u_e 7. SlS_tf_c_mt _z_mls of viable pa_ticlee

_._ _re I__ _r the sh_ claanez m in operation, lh_e pm_icular

oboe clesaer Is s_tuated la the eh_ roam of cle_ _o_ C. _4p_eo 8 and 9

t_f_l 8_ _mpl_8 _esults obteJ_d _u the hoists1 18sd_8_ flow cl_a_

No _ble pa_le_ _e_e d_tec_ at the f£1_er _all. Kmmv_, o8 the

ai_ weed Imo_ persouael t_a_d _be exhaust wall, the level of mf_roble_L co_se-

t_a_ou _ pt_Wessl_ely. 8a_ple_ plaee_ at fleo_ level d_teeted hlsber
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l_vels of eo_ta_tioa than _hose plied at the six foot levels &_ both

lampling sites, ho_eve_, the m_er of viable p_tieles de©reseed to zero when

persounel left the area.

Figure 10 sho_ the compa_tive levels of viable particle_ 1_ cubic

foo_ £n _muf_ctu_in8 _eu A and CD _d _lean room A and D. The valueo fo_

cleaa _ B _ C, wh£ch _ere not plotted, fall helen those for clean

&_dD.

i Table 6 cou_atns the resml_s of the _rface 8mnpli,8 ou beuch tops inseveral clesu roo_ and mmmf_c_urtn$ areu by th_ Rodac plate method. In

i general the level of su_ace cout_iuattoa _ to lacresse a_er peremmel

I had _ iu the _ for s_ houX_o In sdd_tion, beach tops tn open fscto_y!

_reas cout_ued higher levels of cout_iu_t_ou. The types of microcr_tsms

detected /_ ele_ roses a_d on beach tops In cleaa ro_m _e_e lilly tb_e

./i _lt_o_ _o humans. Tables 7 _nd 8 sho_ t]q)lcal pstterus. Sim_ls_ results

_ere obtained In clean ro_ms C and Do Few sporefonmrs _ t,pp.), mold_,

and 8ct_tes _e_e detected° The vast mjority _ere _ spp.

s_ Micz_ceccu_ spp. which sre uso_lated with huron skin, hsi_, 8rid the

respi_to_ ttsct.

The _eta_led results of tests deelSned to detect the levels of ItCt_bi_l

coat_n_tion accum18tt_ on stainless steel surfaces exposed to the in. m_al

e_viro_nts of ©lean _ A, B, and ¢, ana smnufacturia8 8_ C and D 8_

presented in Tables 9 to 13. _he eo_ative levels of eerobic u_tlic

_ict_orsanims a_e shown In Figure 11. In ¢lesn room A the level of microbial

cootsnination i_r_ to 8 II in _ 9t_ _1_ 12th m aad then re_sined
,)

¢OU_tSnt. S_n118t _esults _ere obtained in cle_t ro_m _ sad C. _ the two

mmufsctu_ln8 _rees the levels remsin_ _latively ecnstaa£ tbx_q_out tb_

21 m_k _pommJ period.
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7rays contain/as st_nleos steel scrips were placed ac three sites

In the ho_sontal lain/nat flma clean room. One site wa6 located at the

filter e_ll and the other cuo at the exhsust wall. (Figure 4)0 Figure 12

shove the c_rative levels of coataminatton at the t,_ree sites, Site B

shoved the hi_hest level _ _tc_oblal c,_utsminatlon. This _ p_ Jbably due

to the air_tream passing by _o_e personnel _ho _re Iocated directly upstream.

e_saust sites eh_ed no 81_£1cGnt increase in the level of -4crob_l

©ou_a_/u_tiou th_oushout the 7o_eek _xposure period. ¥o_ the f$,rst 5 _eek8

of the study no viable _¢roorpnl_e v_e recovered £ram st_nless steel

_rfsces pl_ce_ _ataly downstream _ the filte_ vaU (site k). Be_een

the fish and sixth _ U_e sir bm_liug _et_ failed due to a los_ of

elect_cel poVero Follo_us thL_ failure, a th_ee°los ixcreue in the level

of microbial cout_tiou occu_z_do These l_t_er _esults _o_nt out the

seueitivLty of th_ _pliug method stud _1_o the ef_ _ciency of la_n_ a*r £1o_

_yst_.

_e _pes of _croorgnnLm_ _hlch _cc_ml_ted on stainless steel our-

f_ce_ /n the fou_ clean rooms _ml in _muf_eturing areas C _ D are _n_._

in Table 1_. _ecb v_lue l_ the _ average _ ? assay periods. ",_ p_t-

tern in em_ n_ea did not chinese significantly throu_hou_ the entire exp_

pez_od. Th_ v_zt m_Jority of mt_oor_ml_ms _hlch ver_ found in cle_m ro_ D

_e S_lo_o_cus _pp., _ app., m_ the Cory_b_ccertua- ip._S___._._-

j_ I_P. lhe_e _r_ /ndLSmm_ to hum_ _kin, hair, mud respiratory tr_.

_s_ _or@foz_rs (_ecillvs spp,), molds, and actLnomycete8, _hlch are associated

with soil _ d_t, were d_tecr_d. The persoanel of clean _ B _re _o_t

_i_Uy cont_olled _tth _s_ct to eq_parel m_ occupancy (T_ble I). Its

emrit_mt _lso ms tl_ mo_t rigidly co_t_oll_d msm_ the _lwee co_genticm_

1966005712-007
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Clean room A, _hlch required the. least an_unt of envlronmeutal and

_rsonnel control_ sho_ed a slgnlflcantIy different pattern e-lthzespect to

types o_ mlcroorga_isms, Most of the mleroorgani_m i-.ml ^_ accumulste on

stalnless steel surfaces were sporefozn_r8 end nold_o Only a _all portion

of the microbial population consls_ed of m_erc_r_n_.._s__a_f h,_._._--^_--'-

_Is 8m type of pa_tern also vas present in _anufscturlng are_ C and D

Clean room C exhibited 8 pattern _Llch reflec_ its envt_ntal

control. The air clesninS systma gas good tn that ultT:aohls_ effic_,_c7

filters were eRployed and 3 lamLm_ flow benches were located at one end of

the clean _n. Fersom_l control, however, w_s shLtlm_ to Uhat in ¢leam

roo_ A (Table 1)o Althou_ the majority of Iteroorgantsu8 d_tect_d _e

StaphylococCuS app., )Uc_ococcu_s app., and the C b_er--lmn-B_vibacterlum

8_r_p, _porefo_sere as gall as molds also _re present in a bl_her ratio than

In clean roc_ B.

In horizontal laminar flo_ clean roo_ D the qualitative p_t_ern at

both exh_._st sites _as sire/far to that o£ clean room C except that higher

percent88es of sporefo_rs were detecte4_. These letter data point out

the hsportance _f personnel _ppa_el. As _mS mentioned in the

p_ocedures, the personnel and activity in clean _ B and D _ere i_entlcal.
A

Ho_ever, uhen the l_nlnar flo_ roc_ gas used, ecs_ personnel coast_alnts were

relaxed (Table 1). Ftr e_m_pla, no air sho_ers or plastic booties were

required. These factors, especially the latter, could account for the htKber

number of _porefomrs. In addition, tests were perf©_ to detemiae the

pattern of air _1o_ *n the immdiate area upstream from the exbstm_ wall and ;

sa_pl_f_ 81tea, Al_ velocitie s were wsasured t_h a thet_ooan_tmn_tar

(Alao_). The results t_lcated _hat the air patte_ ceased to he l,m4nar

as it appz_ache4 the exhaust v_ll and tainted to rise inter t_ard the top

S
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_orti_ of the _b_u_ _11o This _otor, _oo, _ould have iuflu.enced the type_

of _c_ore_ fa_nd.

Table 15 _hov8 that very few obll_st_ an_obic 1icroor_n_.e_s eere

_tec_@d on _t_Inl_ss st_l _trip8 e_osed to _he e_vir_nts etudted. The

_robic_lly _nd _ob_©_lly.

o

X_ _S evidont _r_ _h_ _eeul_e obtained _n th£s _udy tl_e_ as the environ-

• _t _o th_ _uet_ou of p_r_culste ccu_,aa_stfCmo _he level_ of _|rb_e

o_ eu_g_.e _cz_l_l eont_ns_ion _re r_duced a_._-o_diusly. Th_c _ _._._ec_ally

t_u@ in th_ ho_o_t_l l_n_ fl_ cla_u coo_.. _'ae chief sources of _:_,._ bi_l

co_t_tlon _e _ooclet_d _th p_,] _rking in _he cle_n room, _ _h.__'-;

by _b._ _re_a_ or d_er_ of _lrborn_ _ble partt¢Ies, d_pendtu# oa *.|--

try Of mtc_oo_sm_ igols_ed from the 8_' _ a_¢ ._lsrs _nd _:_• ..... _ top

su_f_C_8 by the Rodeo plste _thod _re _ _pp,, _Acj... :._'_, spp.,

and th_ __j:__ _ liro_. These b._teri_ 8_' ._.,_lipuo_ _o

bumm _k£u, h_r, _,nd the ._lpir_to_y tract.

Studies o_ the flllou_ _s_ accumulation of el_e m/croor_mta_w on

suinle8_ oteel euc_ece_ _hou_ eever_l int@r_s_ins _, F/rs_ly, th_r_

_8o no st_ni_icsnt dtffe_ance in _ le_18 og e_erobial cont_ni_tion _noa8 _h_

th_ co_mmtio_ cle_n _ &, B, mid C. _T_bles O, I0, _ad II, end Ft_utw U)

the esdam_t _ 1 #it,s of t&s ho_isontsl l_n_r flo_ c1_ _ D (_lp_ 12),

_ion levele _re in t_ r_l_ of 103 to I0b _iceoot_al_ per _qu_ i
!

J

foot. In _ two opec f_teey _ the level of e_er_iel conea_luatiou u_ i

1966005712-009
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_ppr_tely one order o£ n_"ude _tgher _h_ in the clean roo_ (T_bLes 12

and t3_ _ F_re ll).

Secc_dly_ the types of _crocrsanlms vhtch accumulate3 on stainless

8teal _rfeces _ere signxfLcantly different _nS the clc_n roo_s and the two

such _ _ opp., HXcrococc_ 8ppo, 1_d _h_ Co eb_cte_Lu_oBr_-.

b_ctori_ _oup _ccounted for _he v_t m_Jority of microbial cont_iuatioc detected

on _t_inle_ 8t_l 8tr_ps £n cle_n room So Fe_ _croor_ni_ _oc_ated _-_th

soil en_ du_t, such _s sporefo_r8, _old_, _d _ct_uo_ece_ _z_ detected. In

clean _ k and mm_ctur£ng are_ C m_ D _he rever_e sL_u_tiou _q_ found.

Nora eo_l types and f_r mic_oor_ms_Rs indtsenous _o hu_m_ ve_ found. Clean

rocs_ C and D _mre _ore o_ less u_y b_L_e_ _heee L_o ext_es_. These dsc_

definitely show that the de_ree of envLroumental control i,_reflected _o_e

_lequately by types _ther th_ by the nus;:_ of mictoor_ntsm_ p_e_ent. This

_s e_p_cislly t_ue in the couveutLoo_l clean focus. Persoun_l _ppa_el, _= a_Mio

lion to strict en_ousz_nt_l control _ere thin m_ln variables _htch i_flu_uc_

th_s_ qu_ta£ive rem:It_. In clean roc_ _ the ooly pa_s of the body of perormn_l

exposed t_ the eyvs. o_e, mouth, m_d cheek_. In .dd£tiou, ultrahigh efficieucy

filter_ _:e en_l_ed and bench Cops and the floor _ere routinely _tped do_u mad

v_cuu_ cl_c_. 11_ p_r_ouaml in clean _ A and C _ore lint-fr_ _o_us over [_
v

strut clothes. Cle_ room C, however, m_/loyud ultrahigh _fflciency mir _ilter_

and also contained three lmsi_z flo_ clean b_nche8.

_hir_ly, tho "plateau ph_omenoa" (1,2,3,_,6,7,8, sad 9) occurred in all.

are_ studied. The lerels o _. ml©robi81 ¢o_t_min_tioa resulting frc_ the f_llout

of _-u_ mLc_orsm:iem_ oato etelal_ss steel surfaces did _ot inc_

_i_tfic4m_ly durin8 the rols_ivmly lea_ _e_e period of 21 v_ek8. I_

c_s rJ_ _s • _li_ht iucz_e up to 8 Co 1_ _, vith levels sub_s_atl7 _

1966005712-010
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"_ No _c_oors_:_sm_ _ere d_Cect:ed until the _tr h_u_tltng 8yste_u f_lled, In all

prcbabil_y, _Ir saa_le_ would not have _tected this f_lu_e _equal;ely.

Consequently this technique _pe_s _:o be _st _el?al, le £o_ s_0n_tortng ..e_luar ....

£Iou clea_ _ _he_e _cec_£t ha_ _:equ_red to h_ve an _:r_ely Ic_

_c_obi_l load pr_m: _:o he_: _te_Al_ac_eu a_e ss_mbled_

o
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7o _©h_leeu_ Go $_ 1965 The bacteriolo_ of ©le_ _o_ P_o_ess _:e_t_:

W_,=hin_on. D, Co H_h 31. 1955o

Mt¢_cbio_o_l et:_lee co_h_t_ In _he Izpe_u_-_l _ae_ly

_e_ll_ou _w_o_y, S_e 1_o_ Su_T _:27o3_. &u_ 31,

_cr_b_ol_sy and _he coat_ol of s_¢_l cout_tAou, la: _o

_sq_ of the N_tional _fe_encs on _p_cec_:_t S_r_lX_._ou T_uolosy.

N_tlO_l &e_t_c8 _ Space _t_atioa, _ash_n_o_, D. C.

10o N, ]. J., _l Lo ;o _11. 1963. An ezpe_t_l _e_ho_ _o _e

77:_$-I08.

11o _J)sd_, ._o _o, and Lo _, I_11o 196_. _'_al o_ _ _

In tl_ emrlrom_nto Xlo _fect of el_d _w_t_e _ _rf_e-

s_phyloc_cl. A_eWo JOU_o RySA_ae 80:18_-1_1.

A_ _bo _rousOU_o X. IL_f_t of wel_tive h_i_ty _ _uwfsc_o
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C_&_I _ B a31) __ C_II)t2.

T_ CIe_ Ko_ _l_

8:30 o 9:30 _om. 1.05 1.61 9.53

9:30 o 10:_ _o_o 1.20 Io38 6.98

10:30 _, 11:30 _.L 0066 -- 80_0

11:30 o 12:30 polo -- lo01 7000

1_:30 ° 1:30 p._, 1.36 lo63 8.70

I:_0 - 2:30 pore. 0.60 1,18 7.03

A_r_p 1.01 1,38 8.42

0066-1.3_ 1001_I063 6_98-11.31
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Cle_n Ro(_aC Y_tu_:urlnf_ A_a
_ ....S_ _ ....Si_*-_...........s_e-_.........._i_ d - si/:_/_-

8 - 9 s.m. 0.30 0o8? o- 18042 4.29

9 - 10 aomo 0.27 0085 o_ 15099 5,20

I0 _.11 a.m. 0.35 0.82 1o23 7.42 4.05

11 o 12 &om. 0.31 1,15 2.07 11.92 3.32

12 - 1 p.u. 0o10 0.28 0.80 10o55 2.79

1 o 2 p.mo 0o20 0.85 lo02 11.42 1.93

2 o 3 p.L 0.07 0°65 ,,?r_ 9.59 $,39

&ve_ 0,21 0080 1 o12 12,19 3°85

_ 0.07-0.35 0o28o1.16 0.70-_2.07 70_o18.42 1.93._5039

J

J
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r

.+

t

f

i TJ_ 5. C(_P_TIV_ _ OF SIJP_P&CBC_II_TZON Oi+BJ_-H TOPS 1__ _ A _ THE AI)_.C_f_ ASSI_J_LY°FACTI_YMU_, CL_ _ Bp

J_l) CIa_ _1_< C.

! Site _ _l_e Aver_ no° P_mm_ No. of e_le_
of ommpl:LuO: o_ +olmmie_

pint plm++

+,

_foee pm_l mmte_ 12.5 2-31 29

6 b_r8 _fte+ pet:co.el entered 24°9 IolO0 20

Cle_ _ &

_t_ pc+ Jmmel entered 18o7 0-63 100

6 hom_ e_ 1__1 mmtered 27.3 6°62 100a
|

' i_IL_Ie of _k- da_ 28ol 3-$1 50

Cl_ tioga B
-]_o_e pa_mmmml _n_:ere_ 3.65 0-25 SO

6 hou_s a[-'.e,xpm_o_l _te_ 9.89 1-32 90

1 _P_ _<_ +,16 0-$2 100

6 b_ur_ _e:_ t_:P_l _e_o_ 13.80 0o102 100 |'

+

P+

k+++,
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(I_ $U_Y_ES IN C_ ROOHAo

!|

_¢roorgsnl_ l_¢be_ Pe_ ce_t _r Per cent

15 41.7 16 20°S

:3 8..3 12 15.4
_U3_UB

Sa_PJ._ npp, 3 803 0 0

sip. _ 2°8 o o

_._a_ ,_. z 5.5 2o 25.6

_,u._ _o o o 6 7.7

.Q_D_,_p3__. _ppo 1 2,8 0 0

¥1_vobsc_e_l_ spp. 1 208 12 1,5.4

P___ ,5 I$.9 12 15.4
.._ 8_.

Yeses 1 2.8 0 0

_ld_ _ 8.3 0 0

g_i_k_tified 1 2.8 0 0

1_ot_ no. __ 36 78
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_ _A_$ RXPOS_D trA_ _ ROC_ A.

- _j_-_--ql-_.1_t_- W_o1_

3 _.97_ ?20 936 _17

6 :3,168 l, _._._ 1,944 792

9 II_ 1,296 2,520 1,656

12 _,680 _,312 2,808 2,_t0

15 9,0?2 -900 _,197 418

18 12,312 3,060 2,808 1,202

21 13,968 ]_,138 3,060 720

_ .... ,. ..,. .. - . . ......

1966005712-023



3 4, 72;6 1,556 180 ll_

6 2,880 535 180 189
!

I 9 4,082 302 482 0
I

; 12 9_000 1,857 684 115
!

15 2:_718 3,362 93_ .%0

18 6,422 1,_ 238 122

; 21 9,238 I _260 720 238

1966005712-024



_8 _ _8 XXI_DSHD_ C_ ]aO0_Co

$ 4,_18 X,318 720 12_

6, _8 2,398 X_562

9 7,8/_8 1,:_2 1,620

12 16,862 1,3_8 2,218 720

1:$ 26, 280 1,678 _, 69:3 _)2

18 189274 19872 5,940 1,

21 14o818 2,398 &,_ 1o678

->___

1966005712-025



exposure ...... _] at L80° C fo__ 15 _n

3 31_ 5_ 1,922 6, 358 1,678

6 22, _W:,_ 6,178 7,654 3,722

g _1,27_ $_995 $, 63G 1,728

12 3_7(_ 7,020 11_2 _,_0

15 31,680 3,118 11_282 2,_8

18 17,_0 $,0_ 7,200 3,096

1966005712-026



S_AI_S ST_ STRIPS _PO$_) _H_ MA_q_A_ APJA D.

_._po_u_,_ _t 61_ C fo_ 15 _n

3 7,380 482 2,262 236

6 15,538 _,_ 3,t_20 360

9 31,018 1,260 4, 082 g58

12 22,558 1_316 5_220 540

15 22.032 1,008 6p192 6_

18 16,272 1_678 2,282 958

21 20,700 3,1_ 9,180 2,038
)
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Yl 8. I0. Comparative levels o_ airborne _Icroblal contamln_ti_, i_ t_o
• _uf_ctur_n_ are_, a conventional clean roo_, _nd :;heexhaust

I wall of s horlzont_l lamlnar flow cle_n room.#
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